The coupling between bound quantum states and those in the continuum is of high theoretical interest. Experimental studies of bound drip-line nuclei provide ideal testing grounds for such investigations since they, due to the feeble binding energy of their valence particles, are easy to excite into the continuum. In this Letter, continuum states in the heaviest particle-stable Be isotope, 14 Be, are studied by employing the method of inelastic proton scattering in inverse kinematics. New continuum states are found at excitation energies E Ã ¼ 3:54ð16Þ MeV and E Ã ¼ 5:25ð19Þ MeV. The structure of the earlier known 2 þ 1 state at 1.54(13) MeV was confirmed with a predominantly ð0d 5=2 Þ 2 configuration while there is very clear evidence that the 2 þ 2 state has a predominant (1s 1=2 , 0d 5=2 ) structure with a preferential three-body decay mechanism. The region at about 7 MeV excitation shows distinct features of sequential neutron decay via intermediate states in 13 Be. This demonstrates that the increasing availability of energetic beams of exotic nuclei opens up new vistas for experiments leading towards a new understanding of the interplay between bound and continuum states.
The coupling between bound quantum states and those in the continuum is of high theoretical interest. Experimental studies of bound drip-line nuclei provide ideal testing grounds for such investigations since they, due to the feeble binding energy of their valence particles, are easy to excite into the continuum. In this Letter, continuum states in the heaviest particle-stable Be isotope, 14 Be, are studied by employing the method of inelastic proton scattering in inverse kinematics. New continuum states are found at excitation energies E Ã ¼ 3:54ð16Þ MeV and E Ã ¼ 5:25ð19Þ MeV. The structure of the earlier known 2 þ 1 state at 1.54 (13) MeV was confirmed with a predominantly ð0d 5=2 Þ 2 configuration while there is very clear evidence that the 2 þ 2 state has a predominant (1s 1=2 , 0d 5=2 ) structure with a preferential three-body decay mechanism. The region at about 7 MeV excitation shows distinct features of sequential neutron decay via intermediate states in 13 Be. This demonstrates that the increasing availability of energetic beams of exotic nuclei opens up new vistas for experiments leading towards a new understanding of the interplay between bound and continuum states. Modern subatomic physics has in recent years experienced rapid technical developments resulting in clean, intense energetic beams of exotic nuclei [1] . As a consequence, this field of physics is literally bursting with new ideas to study nuclei at the limits of stability. Experiments with energetic radioactive beams, with half-lives down to the submillisecond region, reacting with various stable targets, allow studies of the structure of nuclei even at the extreme limits of stability. The technique, referred to as inverse kinematics has opened up the possibility to perform sophisticated reaction experiments with exotic nuclei. A subject of strong current theoretical interest is the coupling of bound states to continuum states in loosely bound nuclei. In this Letter, new data about quantum continuum states are presented. With a beam of 14 Be, inelastic proton scattering in inverse kinematics has been studied. We show new data identifying new resonances in the continuum with decay patterns starting with genuine three-body breakup at low energy to turn over to sequential decay via intermediate resonances at higher energy. 14 Be is the lightest member of the N ¼ 10 isotones and the bare fact that it is possible to identify and assign the quantum signature of new continuum states demonstrates how modern experimental techniques push the frontier of nuclear physics.
A large matter radius for 14 Be [2, 3] , a narrow momentum distribution of 12 Be fragments after its fragmentation [4] , electromagnetic dissociation (EMD) cross section [5] , and a small Coulomb displacement energy between 14 Beðg:sÞ and its isobaric-analog state [6] are observations that characterize 14 Be as a nucleus with the presence of a spatially extended neutron halo with a large ð1s 1=2 Þ 2 admixture.
With a two-neutron separation energy in 12 Be about a factor of 3 larger than in 14 Be and with 13 Be unbound, it is natural to model 14 Be as a 12 Be þ n þ n system. However, calculations within such a model, assuming a closed p shell in 12 Be, fail since they predict that the ground state of 13 Be should be bound [7, 8] . Furthermore, a calculation [9] , which had been successful for 11 Li, shows a mutual inconsistency between the experimentally determined binding energy, radius, and EMD energy spectrum.
A plausible explanation for this could be that 12 Be is not a good core. There are indeed convincing experimental results and theoretical predictions for 12 Be that favor a model where only small components of the ground-state wave function belong to the lowest shell-model configuration [10, 11] . In such a description of 12 Be one assumes a 10 Be core with a closed p 3=2 subshell, and two valence neutrons in mixed s, p, and d configurations (see Ref. [12] and references therein). Such a model extended to 14 Be would allow us to consider it as a five-body system with four valence neutrons outside the 10 Be core.
The data presented here were obtained by inelastic proton scattering on 14 Be in inverse kinematics. A 304 MeV=u 14 Be beam was directed towards a liquid hydrogen target and the reaction products were detected in the ALADIN-LAND setup [13] . Coincidences between 12 Be and two neutrons provided momentum four vectors used in the analysis. The resolution of the momenta measured transverse to the beam direction was 2:7 MeV=c for neutrons and 35 MeV=c for fragments and in longitudinal direction 6:9 MeV=c for neutrons and 55 MeV=c for fragments, respectively. kinetic energy, that is, the relative energy, E fnn , in the three-body 12 Be þ n þ n system, as well as the fractional energies in the fragment-neutron ( fn ¼ E fn =E fnn ) and the neutron-neutron ( nn ¼ E nn =E fnn ) subsystems, were determined. The background was measured with an empty target container. The E fnn experimental resolution, given as 0:18E 0:75 fnn , and the overall detection efficiency were obtained from Monte Carlo simulations using measured LAND responses [14] , and the simulations were used to make corrections for oneneutron events misidentified as two-neutron events.
The relative-energy spectrum, d=dE fnn , is shown in Fig. 1 . The strong increase of the cross section towards lower energies is due to the known 2 þ 1 state at E r ¼ 0:28ð1Þ MeV [15] . The low-energy cutoff in the spectrum (see experimental points with error bars) is due to vanishing detection efficiency below E nn ¼ 200 keV, which limits the observation of the 2 þ 1 state to its upper tail. The solid blue line is an interpretation of the d=dE fnn spectrum as consisting of three Breit-Wigner shaped resonances together with a contribution from unresolved resonances at higher energies (the dashed curve). The collected statistics made it, however, impossible to perform a least-square fit with all parameters left free. This problem was overcome by performing an iterative fitting procedure, which resulted in a 2 =N ¼ 27:9=35. The curves in Fig. 1 show the detailed outcome of the analysis and the values of the final parameters for the resonances are given in Table I .
Even if only the tail of the 2 þ 1 state is observed, an estimate of the cross section for the excitation of this resonance can be extracted. With a systematic uncertainty of about 20%, the derived cross section is ¼ 5:1ð1:2Þ mb. This may be compared with the result of ¼ 12:5ð1:6Þ mb obtained in the same reaction at 69 MeV=nucleon [16] . As expected, it scales with the energy dependence of the nucleon-nucleon cross section.
The spin and parity assignments for the observed states were obtained from an analysis of the distributions of fractional energies, Wð fn Þ and Wð nn Þ, derived from events in the regions 0:5 < E fnn < 1 MeV and 2 < E fnn < 3 MeV and displayed in Figs. 2(a)-2(d). A three-body decay may be described by two limiting cases of possible three-body decay modes. First, a sequential decay mode, where the three-body breakup proceeds via intermediate two-body resonances with lifetimes longer than that required for the particles to pass the interaction zone. The R-matrix formalism may effectively be used in this case. Second, few-body methods are needed to describe decays not passing through resonances in any binary subsystem. Such a genuine three-body decay mode is sometimes referred to as democratic decay [17] . The distributions displayed in Fig. 2 were analyzed under the assumption of democratic decay. It has been shown [18] that at low E fnn only terms with the lowest possible angular momenta, consistent with selection rules, are needed 
Here, ÀðzÞ is the Euler gamma function, l x is the angular momentum between neutron-fragment (neutron-neutron) and l y the angular momentum between the c.m. of the neutron-fragment pair (neutron-neutron pair) and the remaining neutron (fragment) for Wð fn Þ [for Wð nn Þ], as illustrated in Fig. 2 of Ref. [13] . The decay amplitude for a certain configuration i is denoted A i , with The fits of the experimental Wð nn Þ and Wð fn Þ spectra, using Eq. (1), are shown in Fig. 2 . The resulting parameters are given in Table II. For 0:5 E fnn 1 MeV, only the spectrum in Fig. 2 (a) could be analyzed since the data for Wð nn Þ are limited to the upper half of the spectrum. In this energy region, the distortions of the spectra from the experimental resolution are expected to be most important. Therefore, we performed a Monte Carlo simulation including the experimental resolution and using the theoretical shape of the Wð fn Þ spectrum [solid line in Fig. 2(a) ]. The histograms in Fig. 2(a) show the result of such a simulation made under the assumption of an isotropic distribution of the emitted neutrons. The similarity between the full drawn curve and the simulation is evident and shows that the distortion due to the resolution is negligible compared to the statistical uncertainty and has, thus, limited influence on the derived parameters. The simulated data may also be used to predict the shape for Wð nn Þ, as shown in Fig. 2(b) . Note the shift of the maximum in the Wð nn Þ spectrum in Fig. 2(d) towards low nn , which is a characteristic feature of a direct decay into f þ n þ n. It appears due to the strong nn interaction but disappears in a sequential decay via an intermediate resonance in the fn subsystem.
With a 12 Be ground-state wave function according to Refs. [10, 12] 12 Beð0 þ Þ ¼ 10 Be
and under the assumption that 10 Be may also be considered as a rigid core in the structure of the 14 Beð2 þ Þ states, one arrives at the following representation: 
The relation between the internal structure of the resonance and the kinematical properties of decay products in the final state is complicated by the dynamical evolution of the system during the decay process. The 2 þ states in 14 Be, of the structure given in Eq. (3), decay to 12 Be þ n þ n with a strength proportional to the overlap integral of the corresponding wave functions, Eqs. (2) and (3) l ¼ 0, 2 pair), and the corresponding penetrability factors. The weights of different configurations of 12 Be þ n þ n in the final states, given in Table II, suggest that the two valence neutrons building up the first 2 þ state mainly occupy the 0d 5=2 shell, while they are in a mixed (1s 1=2 , 0d 5=2 ) configuration in the E Ã ¼ 3:54ð16Þ MeV state. The assignment of I ¼ 3 þ to this state can be excluded due to the large [0, 2] and [2, 0] components found in the Wð nn Þ distribution, which require that the total spin is zero for the two neutrons (S ¼ s 1 þ s 2 ¼ 0).
The 2 þ 1 state in 14 Be was first observed in a 14 C induced reaction [19] and later confirmed in three different experiments [15, 16, 20] . The observation of an excited state in 14 Be at E Ã ¼ 4:1ð2Þ MeV was announced in Ref. [20] . A plausible explanation for the difference in the resonance energies may be that the two overlapping states were not resolved in the experiment described in Ref. [20] .
There are strong similarities between the excited states in the N ¼ 10 isotones. The first excited state (2 þ 1 ) of 14 Be at 1.54 MeV, found to be mainly a ð0d 5=2 Þ 2 configuration [15, 19] , is similar to the 1.77 MeV state in 16 Figs. 3(a) and 3(b) . It is interesting to note that these correlation spectra show features that may be assigned both to democratic three-body breakup and sequential two-body decay via the 1=2 þ ð0:5 MeVÞ and 5=2 þ ð2 MeVÞ resonances in 13 Be [21] . The sharp increase at fn $ 0:1ð0:9Þ may be ascribed to sequential emission via the 1=2 þ state in 13 Be, while feeding to the 2 MeV resonance would contribute the center of the distribution. A consistent analysis, giving a spin-parity assignment including both types of decay mechanisms would, however, be ambiguous. Therefore, we only conclude that there is a resonance here and compare its position with states in other N ¼ 10 isotones. One possibility would then be that it is an analog to the first 3 À state in N ¼ 10 isotones with a ð0p 1=2 Þ 1 ð1s 1=2 0d 5=2 Þ 3 configuration, like the 3 À 1 state in 18 O at E Ã ¼ 5:10 MeV, found to be strongly populated in proton inelastic scattering [22] .
There is no sharp borderline between direct three-body and sequential two-body decays. However, for states at higher energies, one would expect that the decay via sequential neutron emission through intermediate states dominates. The correlation spectra shown in Figs. 3(c) and 3(d) from the region 6 < E fnn < 8 MeV show interesting patterns, in particular in the Wð fn Þ spectrum, where the four maxima signal at least two intermediate states. To get a qualitative feeling for the expected spectral shape in the case of a sequential decay via 13 Be, a calculation within an R-matrix approach, with the approximation described in Ref. [23] , was performed. This was done assuming a 1 MeV broad 14 Beð3 À Þ resonance situated at 7 MeV, decaying into the known 1=2 þ and 5=2 þ resonances in 13 Be, with the experimental resolution taken into account. The maximum observed at low (high) value in the Wð fn Þ spectrum was found to correspond perfectly to a sequential decay via the 1=2 þ resonance. The second maximum appears, however, at an energy of the intermediate state about 15% higher than the known 5=2 þ resonance to fit the data. The large E fnn window, and possible decays to other intermediate states, might be a reason for this deviation. One should, e.g., note that there could be a decay branch to the narrow resonance at E r ¼ 4:94ð15Þ MeV in 13 Be, which has been observed in a multinucleon transfer reaction experiment [24] , and most likely also this state may contribute. A more detailed description requires more detailed experimental information.
In conclusion, we have studied continuum states in 14 Be through inelastic scattering on protons. The analysis of the internal kinetic energy in the 12 Be þ n þ n system, E fnn , and energy correlations between decay products were performed. When the entire information is set into a global context, the presence of several resonances in the continuum is revealed. The earlier known 2 þ 1 state is confirmed as a dominant ð0d 5=2 Þ 2 configuration. The resonance at E Ã ¼ 3:54 MeV is identified as the 2 þ 2 resonance. The structure of this state is shown to be predominantly (1s 1=2 , 0d 5=2 ). Analysis of the fragment-n-n correlations by the simple method proposed here can effectively be used for spin and parity assignments to the low-lying resonance states in 
